This examines the potential of heterogeneous photocatalysis, as an innovative oxidation technology. The aim is to demonstrate that this technology, is able to reduce the damaging effects of vehicle emissions by using nitrogen doped (N-doped) TiO2 as a photocatalyst immobilized above the asphalt road surface. In the study, the photocatalytic effectiveness and durability of N-doped TiO2 photocatalytic asphalt road material were assessed in both the laboratory and the field by direct and indirect measurement. The experimental results show that N-doped TiO2 asphalt road material has a higher activity compared with the pure TiO2 asphalt road material under visible light irradiation, with decontamination rate for NOx about 27.6%, 24.6%, 16.3% and 13.8% under the irradiation of light wavelength 330-420 nm, 430-530 nm, 470-570 nm and 590-680 nm, respectively. Results of the field test and predicted models suggest that the service life of N-doped TiO2 asphalt road material is approximately 13 months. 
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its own and represent significant new information, which may include disproving the work of others. 
Introduction 31
Urban areas experience high levels of traffic exhaust, which contribute to air pollution, which 32 is a major global concern (Ishihara et al. 2010 showed an average NOx abatement of 45% during the daytime (09:00 --17:00). 
Photocatalysts preparation 77
A non-metal doping approach (N-doped TiO2) was used to extend the utilization of the visible 78 region in the solar spectrum. Titanium powder was prepared using a sol-gel approach that used 79 tetrabutyl titanate (TNBT) and distilled water as the titanium precursor and hydrolyzing agent. 80
First, TNBT was mixed with ethanol and distilled water. Then, the mixed solution was stirred 81 using a machine under an 85 temperature bath for 6 hours. The slurry was dried at 80 and 82 calcined at 400 for one hour. Finally, a white powder was obtained, which was pure TiO2 (see 83 Figure 1 ). 84
The pure TiO2 powder was mixed with urea at molar ratios of 2:1, and then ground in an 85 agate mortar for homogeneity. The mixed powders were heated in a muffle furnace at 500 °C for 3 86 h, resulting in N-doped TiO2 (Figure 1 ). 87 Figure 1 shows that the N-doped sample appears yellow in color, compared to the white color 88 of the pure TiO2. Giacomo Barolo (2012) and Shinri Sato (1986) also observed these differencesin color and found that the yellow-colored N-TiO2 had greater photocatalytic activity. 90
Preparation of asphalt road material through the addition of N-doped TiO2 nanoparticles 91
We performed a series of penetrating load tests in order to attain a photocatalytic asphalt road 92 material sample. First, based on our preliminary research (Meng and Yan hua. 2010), the penetrant 93 and modified N-doped TiO2 with silane coupling reagent were prepared. Then, the solution of 94 mixed penetrant and modified N-doped TiO2 was sprayed onto the bituminous sample's surface. In 95 the load process, every sample was sprayed three times by an atmospheric air compressor. The 96 caliber of the air compressor was 1.5mm and the air pressure was 3.0-3.5MPa. The samples were 97 sprayed at a distance of approximately 20 cm and the speed of the aqueous solution jet was set at 98 8-10g/s. 99 Photocatalytic degradation analytical methodsDirect and indirect measurement strategies were used in this research to evaluate the 111 pollutant removal efficiency. Direct measurements were used in laboratory tests. In the laboratory 112 test, 500 ppb of NOx was put into the measurement system. After flowing through the 113 photocatalytic asphalt road material, it was exported via the purification examination photoreactor 114 of the system. Measurement results of the inlet and outlet of photoreactor show that the total NOx 115 concentration, the NO conversion, NO2 conversion, and NOx conversion were: 116
The parameter meaning of equations 1,2, 3, and 4 are described in table 1. 122
The concentration of nitrates serves as evidence of a photocatalytic decrease of NOx. 123 Nitrates that accumulate on the pavement surface were measured by dissolving them in deionized 124
water. Using the Japanese industrial standard (JIS TR Z 0018 "Photocatalytic materials---air 125 purification test procedure"), the nitrogen compound eluted from the test piece was calculated 126 Experimental testing: testing system and set-up 132
Experimental testing system 133 Photocatalytic degradation of NOx was carried out using a continuous flow system that 134 included a gas supply subsystem, photoreactor, and the analytic subsystem. NOx, N2, and 135 humidified air were supplied in the gas supply subsystem. Humidified air was prepared by 136 bubbling air through a gas wash bottle containing water. The desired water vapor level can be 137 obtained by varying the flow rate of the humidified air stream. To obtain a stable NOx 138 concentration, NOx is mixed with humidified air in a gas mixer. During the experiments, gas flow 139 rates are controlled by calibrated flow meters. The photoreactor in the flow system is made of 140 quartz glass in accordance with the American Material Test Association standard (ASTMD 141 ) and the Japanese industrial standard (photochemical catalysis material-air purification 142 performance test method (Marwa et al. 2010) ). To simulate on-road automobile exhaust, the 143 photoreactor is divided into three parts (1) an inlet, (2) purification region and (3) outlet. The inlet 144 section is nearly a cylinder; a fan controls the stream gas velocity. The purification section is 145 rectangular, which simulates the road surface. Humidity and temperature sensors and a heater 146 were installed in the photoreactor, and the photoreactor was irradiated by a simulation light source. 147 During the serial experiment, the photocatalytic activity of N-doped TiO2 photocatalytic 158 asphalt road material was investigated by assessing the NOx decomposition in the photoreactor. 159
The experiment consisted of three steps. 160
Step 1: the sample was kept in the dark for 40 min, in order to achieve adsorption and desorption 161 equilibrium of NOx gas in the photoreactor. 162
Step 2: the light source was switched on. The range of the light wavelength is 330-420 nm, 163 430-530 nm (blue LED), 470-570 nm (green LED), and 590-680 nm (red LED). 164
Step 3: Photocatalytic characterizations of samples were shown using different NOx concentration 165 or decontamination rates. Direct measurement was used throughout the experiment. 166
Tests of application durability: In order to measure long term effects and examine 167 decontamination durability, it is necessary to apply N-doped TiO2 photocatalytic to asphalt road 168 material to decontaminate exhaust from traffic in an outdoor environment. Vehicular activity and 169 rainwash are major influencing factors in actual outdoor traffic environments. 170
A field and simulation test were adopted in order to predict the durability of the N-doped 171
TiO2 asphalt road material. In the field test, the test roads were washed once per week. At the same 172 time, traffic volume, temperature, wind direction, wind speed, and humidity were recorded. 173
During the test, the UV-vis spectroscopy (TU-1901) was used to determine absorbency of the 174 gathered sample by N-(1-naphtyl)-cthylcncdiaminc dihydrochloride colori metric (Meng et al.specimen exams lasted one hour. The field test location is shown in Figure 5 . 177
Two separate simulation tests were conducted. First, in order to study the effect of vehicular 178 activity, the Loaded-Wheel Tester was used to simulate loading and wear on the N-doped TiO2 179 photocatalytic asphalt road surface (see Figure 6) . The photocatalytic activities of samples that 180 were subject to wear were investigated by evaluating the decomposition of NOx in the 181 photoreactor. The second test studied the rain wash effect. The samples were placed in to a traffic 182 environment from June to August in Harbin, China. After this period a wash test was conducted. 183
The samples were washed once a week and direct and indirect measurements were used to 184 evaluate decontamination ability. By following the experimental results of the present study, we found that NO2 257 decontamination ability was lower on the N-doped TiO2 asphalt road material under light 258 irradiation. It has been shown that NO2 was created in the photocatalytic purification process to 259 decrease NO2decontamination ability. This may be explained by a tentative mechanism that is 260
proposed to explain photocatalytic oxidation of NOx under visible light on the N-doped TiO2 261 asphalt road surface, which is shown in Figure. ability on the N-doped TiO2 asphalt road. In order to predict the durability of the N-doped TiO2 296 asphalt road, we hypothesized that the N-doped TiO2 asphalt road will actively degrade when the 297 NOx decontamination rate is less 5%. An exponential regression model was used with the 298 observed data that was obtained in the field test (see Figure 11) . The model was 299 y=32.01e^(-0.145x), with 95% confidence. Results from the model showed that active degradation 300 of the asphalt pavement lasted for a period of about 13 months. The photocatalytic efficiency 301 defeat was due to the wear from traffic and the rain wash. Wear and wash simulation tests were 302 completed in order to analyze these reasons. 303
In the wear simulation test, as seen in table 2, the data showed s decrease in NOx 304 decontamination ability after wearing. However, the decrease was small under a certain scope, 305 such as in 8000 cycles where the wheel applied a load of 600 N for every cycle. But when the 306 cycle increased (exceeding 8000 cycles), the degree of decrease in the NOx decontaminationability increased. This had two possible causes: (1) the samples kept higher NOx removal 308 efficiencies after wear, and, (2) N-doped TiO2 was retained on the asphalt road surface and interior 309 after wearing, which may be proven by figure Waals force. However, when the cycle increases, the loss of weight in the samples also increases. 321
Surface wearing and particle loss may be associated with the loss of N-doped TiO2 particles, 322 which is shown in figure 13 . NOx decontamination ability decreases as the cycles increase. 323 Table 2 Figure Click here to download Figure Fig 1. Pure TiO2 and N-doped TiO2.pdf Figure Fig 2. Asphalt road material sample before spray.pdf Figure Fig 3. N-doped TiO2 asphalt road material sample.pdf Figure Fig 6 . Simulation test on vehicular activity effect.pdf Figure Click here to download Figure Fig 7. Micrographs of the Ndoped TiO2.pdf Figure Fig 9. pdf Figure Fig 12. pdf Figure Fig 13. pdf Most of my comments have been addressed. However, the paper still needs a revision to improve the language. I would suggest sending to a professional editor before publication.
Answer:
I have found a professional editor to revise the paper. Response 7: not addressed. The sentence I was referring to is "Indirect measurement based on …" Answer:
The sentence has been deleted. Response 8: You can make a short statement regarding this issue in the paper. Answer:
I have made a short statement regarding this issue in the paper. It is added in "Summary and future work". The new expression is "Because the application of N-doped TiO2 asphalt road materials in demonstrating vehicle emissions is still a relatively new field of study, more research should be conducted prior to field application. Our research team plans to evaluate the potential pollution of nitrates created by the photocatalytic processing in land through plant experiments. We will also attempt to build an evaluation system for N-doped TiO2 asphalt road materials application for demonstrating vehicle emissions." "
Response to Reviewers Comments
Click here to download Response to Reviewers Comments response-1.docx
